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Abstract
Archaean cratons contain the oldest parts of the 
Earth’s crust that have survived crustal recycling 
processes. Archaean greenstone belts are vital 
parts of these cratons and preserve the oldest 
volcanoclastic and sedimentary rocks on Earth. 
They play an important part in the study of the 
evolution of the early Earth and formation of sta-
ble continental crust. One of the most important 
questions related to Archaean greenstone belts is 
how they were initially formed. Various tectonic 
processes have been suggested and the pertinent 
geological environments remain open for sci-
???????????????????????????????????????????????
plutonic and supracrustal rocks provide an es-
sential tool for understanding crustal evolution 
of the early Earth.
This thesis focuses on the largest Archae-
an greenstone association in eastern Finland: 
??????????????????????????????????????????
which belongs to the Karelia Province of the 
Fennoscandian shield. The main objective of the 
thesis is to constrain a detailed geochronology for 
??????????? ???????????????? ??????????????? ?? ????
??????? ????????????????????????????????????????
and associated plutonic rocks. The ages of the 
selected samples were determined with second-
ary ion mass spectrometry (SIMS) and laser-ab-
lation multi-collector inductively-coupled-mass-
???????????????????????????? ??? ??????????
samples were analyzed for their major and trace 
element compositions. 
The felsic and intermediate volcanic rocks 
??? ????????????? ????????????????????????-
stone complex can be divided into four distinct 
age groups based on pre-existing and new geo-
???????????????????????????????????????????????
?????????????? ??? ??? ???????? ?????????????
?????????????????? ?????? ???????? ??????????? ????
??????????????????????????????????????????????
???? ???????? ???????? ???????????????? ???? ???
new age determinations validate a chronostrati-
graphic interpretation for each belt. The updated 
chronostratigraphic model of the Suomussalmi 
greenstone belt comprises four volcanic units: 
??????????????????????????????????????????????
?????????????????????????????????????????????
unit) and 2.82 Ga (Mesa-aho unit). The Kuh-
mo greenstone belt is interpreted to contain two 
units comprised of mainly volcanic rocks (Siivik-
kovaara and Nuolikangas) and a unit containing 
sedimentary material deposited after the end of 
???????????????????????????????????? ???????-
gas unit (ca. 2.84 Ga) and the Siivikkovaara unit 
???????????????????????????????????????????-
??????????????????????????????????????????????
comprises three volcanic units with ages of ca. 
????? ???????????? ?????? ???? ????????????? ??????
????? ???????????????????????? ???????????????
mainly composed of sedimentary rocks depos-
ited after the end of the volcanism.
?????????????????????????????????????? ?????-
canic rocks of the complex register an older con-
tinent. The younger volcanic rocks with ages of 
???? ????????? ????????? ??????????????? ???????
????????????????????????????????????????????????
during rifting of the older continent. 
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Abbreviations
SIMS             secondary ion mass spectrometry
LA-MC-ICPMS       laser-ablation multi-collector inductively coupled plasma mass   
 spectrometry
the KGB                   the Kuhmo greenstone belt




ACM            active continental margin
WPVZ                      within plate volcanic zone
WPB                         within plate basalt 
MORB                      mid ocean ridge basalt
BIF                           banded iron formation
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1 Introduction
1.1 What are greenstone belts?
The early Earth was very different compared 
with the modern Earth. No rocks are known 
??????????????????????????????????? ????????????
????????????????????????????????????????????????-
served in the detrital record are 4.4 Ga old (e.g. 
???????????????????? ???????????????????????????????
trace-element compositions suggest that conti-
??????????????????????????????????????????????
million years after Earth’s accretion (Grimes et 
????? ?????? ?????????? ?????????? ???????????????
and the mantle and the core differentiated (e.g. 
????????????????????????????????????????????
rocks are the ca. 4 Ga orthogneisses found from 
????????????????????????????????????????????
???????????????????????????????????????????????
????????? ????????????? ?????????? ????? ????????
?????????????????????????????????????????????????-
ed that the Archaean oceanic crust was thicker 
and more buoyant compared with modern day 
?????????????????????????????
????????????????????????????????????????????
?????? ??????????????????? ?????????????????? ?????
have survived crustal recycling processes. Some 
??????? ???????????????????????????????? ????????
???????????????????????????????????????????????????
Earth evolved towards the modern dynamic plate 
??????????????????????????????????????????????????
is used to describe a metamorphosed supracrustal 
?????????????? ?????? ???????????? ?????????? ?????
????????????????????????????????????????????????
long rock assemblages comprising both volcanic 
and sedimentary rocks. Greenstone belts have 
??????? ??????????? ???? ???????? ????????? ?????
the Archaean greenstone belts to Phanerozoic 
????????????????? ???????????????? ????? ??? ??????
??????????????????????????????????????? ????????
???????????????????????????????????????????????
?????? ??????? ???? ???????? ??????????? ??????
contain larger amounts of syn- to postvolcanic 
sedimentary rocks compared with the Archaean 
greenstone belts. Dominating rock types in 
Archaean greenstone belts are mafic and 






of high MgO melts requires higher ambient 
??????? ????????????? ????? ???? ??????? ???????
and this might explain why there are not that 
many komatiitic rocks formed after the Archaean 
???????? ??? ????? ????????????????? ?????????????
are rare in Archaean volcanic rocks in general 
????????? ??????? ???? ???? ???????? ???????? ?????
?????????????????????????? ??????????????????????
????????????????????????????????????????????
I and II). Archaean greenstone belts are a key 
target in studying the evolution of the early 
???????????????????????????????????????????????????
sequences formed during the Archaean eon.
Greenstone belts were coined owing to the 
greenish tint of the volcanic rocks (e.g. Vearn-
?????????????????????????????????????? ??????-
????? ?????????????????????????????????????????-
phibole formed during greenschist to low am-
phibolite metamorphic conditions. The Archaean 
greenstone belts are surrounded by gneissic gran-
???????? ??????????????????????????????????????-
portion of Archaean lithologies compared with 
????????????????????? ??????????????????????????
these granite-greenstone assemblages form the 
nuclei of Archaean cratons sharing similar char-
acteristics on a global scale (Fig. 1). Examples of 
well-studied Archaean greenstone belts are the 









(ca. 3.43 Ga) are found in a chert from Pilbara 
???????????????? ??????????????????????
Archaean greenstone belts also bear econom-
???? ????????????????????????????????????????
???????????????????????????????????????????????
some of these deposits is linked to volcanic or 
sedimentary processes at certain time period(s) of 





from the economic point of view. Although the 
Archaean greenstone belts are metamorphosed 
????????????????? ???????????????????????????-
fex textures in komatiite and pillow structures in 
??????????? ??????? ???? ???????????? ???????????????
2). Many primary textures and structures imply 
that the volcanic rocks erupted in subaqueous 
Figure 2. ??????????????? ???????????????????????????????? ?????????????????????????????????????????????????? ?????
?????????? ?????? ????? ?????????? ???? ??? ???????????????? ?? ? ??????????????????? ???????????? ?????? ?????? ???????? ??
greenstone belt. Notice the chilled margins and preserved remnants of gas vesicles in pillows. The diameter of the 
lens cap is ca. 6 cm and the length of the compass is 12 cm. Photographs by E. Lehtonen.
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?????????????????????????? ??????????????????-






study the evolution of other terrestrial planets 
?????????????????
1.2 In search of a (plate) 
tectonic model and the origin 
of the greenstone belts
The processes responsible for the genera-
tion of the Archaean greenstone belts and the 
surrounding plutonic rocks are under continu-
?????????????????????????? ????????????????????
whether greenstone belts are autochthonous or 
allochtonous in origin compared with each other 
and surrounding plutonic rocks (e.g. Van Kranen-
?????????????????????????????????????????? ???
the autochthonous models greenstone belts are 
??????????????????????????????????????????????
allochtonous models the volcanic rocks are con-
???????? ??? ????????????????? ?????????? ??????? ???
unknown locations and later juxtaposed with the 
basement rocks. In order to answer these ques-
tions geochronology is required. The term “plate 
tectonics” is usually used to refer to modern-
??????????????????????? ???????????????? ?????????-
spheric plates subducting under one another and 
slab-pull as the main driving force (see discus-
?????????????????????? ???????????????????????
process initiated on the Earth is one of the main 
questions related to the evolution of the planet 
??????????????????????? ????????? ????????????
???????????????????????????????????????????????
And if the subduction-driven plate tectonics did 
??????????????????? ??????????????????????????-
stone belts and the surrounding plutonic rocks 
??????????????????????????????????????????????
pieces of lithosphere were moving laterally in 
???? ???????????????????????????????????????????
?? ??????????????????????????? ???????????????-
gested for the initiation time of modern-like plate 
tectonics (see references in Fig. 3).  Most of the 
models suggest that the plate tectonic processes 
started to operate sometime during the Archaean 
????????? ?????????? ??? ?????????????????????????
??????????????????????????????????????????????
????????????????????????????????????????????????????
plate tectonics operated throughout the Protero-
??????????????????????????????????????????????
questions related to the Archaean tectonics are 
still open and some authors argue that plate tec-
?????????????????????????????????????????????????
the lack of Archaean ophiolite sequences and 
???????????????????? ??????????????????????????
???????????????????????????
 The predominant tectonic models for the Ar-
chaean Earth can be divided into horizontal and 
?????????? ??????????????????? ?????? ????? ????????




models usually suggest that the lithosphere was 
??????????????????????????????????????????????-
???????????????????????????????????????????????
mantle overturns or mantle plume upwellings 




driven tectonic models (Fig. 4). 
In the stagnant-lid model? ?????? ????? ????
movement of material in the mantle is mainly 
vertical and the crust is not moving horizontally 
on a large scale nor is recycled back into the 
Earth’s mantle. Upwelling of hot mantle material 
towards lithosphere creates extension and forms 
???? ????????????? ???????? ?????? ????????????
of older lithosphere might be recycled back 
into the mantle via delamination. Nd isotopic 
13
Figure 3. Selection of suggested times for the initiation of plate tectonics on Earth, and arguments which they are 
?????????????????????????????????????????
data from the Abitibi greenstone belt and 
??? ???????? ????? ????? ??????? ?????????????
zircon grains support the interpretation that the 
????????????? ?????? ???? ?????????? ??????? ????
?????????????????????????????????????????????????
???? ?????????????? ?????argues that due to 
??????????????????????????? ?????????????????????
??????????? ??????????????? ?????? ??? ?????????????
??? ????????? ??????????????????? ??????????????
????? ??????????????????????????????????????????
?????????????????????????????????????????????????
would have produced melts at shallow depths 
and mantle wedge would not form (Smithies et 
??????????????????????????????????????????????
during the Archaean has been challenged by 
??????????????????????????????????????????????
According to ???? ??????????? ???????
subduction was operating during the Archaean 
?????? ???? ????? ??????? ??? ????? ??????? ???? ?????
authors suggest that it took place only as episodic 
“protosubduction” and was not continuous (e.g. 
??????? ?????? ???? ?????? ??????????? ???????
Based on extensive geochemical comparison 
of immobile elements of basaltic rocks from 
14
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????????????????????????????????????????????????
??????? ??? ???? ??????? ?????????? ????? ???? ???
the belts were formed in a subduction-like 
???????????????????????? ??????????????????????
??????????????????????????????????????????????
spreading or continental rift environments. A 
remnant of a subducted slab has been found 
????????????? ? ??????????????????????????????
Ga Archaean Abitibi greenstone belt (Calvert 
??? ????? ?????? ??????? ??? ????? ?????? ???? ????
geochemical signatures of the volcanic rocks 
there carry a subduction-like signature (see 
??????????? ?????????????????????????? ???????
??????????????????????????????????????????????
for interpreting tectonic regimes might not be 
??? ?????????? ???????? ??? ???????? ???? ???????????
??? ???? ??????? ???? ???????? ???????????? ???????
????? ??????????? ??????????????????? ???????????
????????????????????????????????????????????
large global geochemical datasets have shown 
that even classifying modern-day basalts in 
??????????????????????? ???????????????????????????
??????????????????????????????????????????????
and Archaean might have been different 
????? ?????????????????????? ????????? ??????
1.3 Geologic setting





is further divided into three subprovinces: Vod-
???????? ??????? ??????????? ??????? ???????? ???
????????? ??????????????????? ?????????? ????
belongs to the Western Karelia subprovince. 
The Archaean greenstone belts of Finland 
have been studied in detail during the past de-






5) was selected because it is the largest Archae-





stratigraphic interpretations have been suggest-
ed for the SKT greenstone complex (e.g. Tai-
?????? ????? ?????????? ????? ??????????????? ?????
??????????????????????????????????????????????-
???????????????????????????????????????????-
tains the oldest recorded volcanic rocks (ca. 2.94 
???? ?????????????????????????????????????????
????????????????????? ????????????????????????-
nic rocks in the other parts of the complex have 
????????????????????????????????????????????????





different individual greenstone belts can be ob-
served. The results emphasized the importance 
of absolute ages from the felsic volcanic rocks 
of these belts in search of detailed understand-
ing of the geochronology and chronostratigra-
phy of the SKT greenstone complex. With new 
?????????????????????????????????? ?????????????
a more detailed chronostratigraphic interpreta-
tion of the supracrustal rock assemblages from 
the SKT greenstone complex. By combining 
??????????? ?????????? ???? ???? ?????? ??? ??? ??-
so possible to more closely evaluate the rela-
tionships between individual greenstone belts.
1.4 Previously suggested 
tectonic models for the 
Suomussalmi-Kuhmo-Tipasjärvi 
greenstone complex 
Literature related to the tectonic environments 
of the greenstone belts of Karelia is extensive. 
15
Almost all the modern-like tectonic settings 
have been applied to the Karelian greenstone 
????????????????????????????????????????????????????
?????????????????????????????????????????? ???????




the SKT greenstone complex are the following:
1) Failed rift followed by the formation of a 
subduction zone  
Piirainen (1988) interpreted the volcanic rocks 
of the SKT greenstone complex having been 
formed in a failed rift environment followed by 
subduction. According to this model the Kuhmo 
greenstone belt can be divided into two groups 
based on lithostratigraphy: one with mainly 
tholeiitic-komatiitic rocks and another with 
?? ????? ??????????????? ????????????????? ??????
all three greenstone belts share the same history 
????????????????????????????????????????????????
????? ??????????????????????????? ????????????
???? ??????? ??????? ?????? ???????????????????????
by a failed rift and bimodal volcanism. The failed 
???????????????????????????????????????????????
last phase of evolution was isostatic elevation 
of the crust. 
2) Plume-related rift environment
Another model for the formation of the SKT 
greenstone complex is a plume-related continen-
??????????????????????????????????????? ???????
??????????????????????? ?????????????????????? ???
introduced under an older sialic crust (which was 
interpreted to comprise the volcanic rocks that 
have in later studies been shown to be ca. 2.94 
????????? ???????????????????????????????? ??????
????????????? ????????????? ????? ??????????????????
??????????? ?????????????? ???? ????????????????? ??
komatiitic lavas and minor felsic volcanic rocks. 
?????????????????????????????????????????????-
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???????????????????????????????????????????????
phase of calc-alkaline volcanism. The sedimen-
tary cover was deposited after the end of the vol-
????????????????????????????????????????????
that when the volcanic rocks of the Kuhmo and 
??????????? ?????????????????????????? ????? ????-
????????????? ???????????????????????????????? ??-
?????? ?????????????????????????????????????????
3) Oceanic plateau (Kuhmo-Tipasjärvi) and con-
tinental rift (Suomussalmi) 
The most recent proposed tectonic model for 
formation of the komatiitic rocks of the SKT 




stone belts the komatiitic rocks erupted in an oce-
????? ???????????????? ?????????????? ???????? ??




greenstone belt they erupted in a continental rift-
related environment. The oceanic plateau setting 
is challenged by felsic xenoliths that have been 
??????????????????????? ??????????????????????
the Kuhmo greenstone belt and are suggested to 
derive from pre-existing felsic crust (Papunen et 
????? ?????? ????? ?? ????????????? ????? ????-
????????????????????????????????????????????????-
?????????????????????
The suggested tectonic models for the SKT 
greenstone complex will be discussed more de-
tail in Chapter 4.4 in the light of the new results 
????????????????
1.5 Aims of the study
The aims of this thesis are: 
?? to constrain detailed  chronostratigraphic in-
terpretation from the STK greenstone com-
???????????????????
?? to provide neutral stratigraphic nomenclature 
for the SKT greenstone complex for form-
ing as basis for future stratigraphic research 
??????????????
?? to study the detrital zircon record from the 
sedimentary rocks within the greenstone 
????????????????????
?? to compare the age and geochemistry of the 
volcanic rocks from different belts (this the-
sis)
?? to evaluate suggested tectonic models for the 
SKT greenstone complex in the light of the 
????????????????????????????????????????????






studied. The primary nature of one metaigne-
?????????????????????? ?????????????????????-
????????? ??????????????????????????????????????
????? ??????????? ???????????? ???????????? ?????????
interpretation. All plutonic rock samples were 
collected from the Kuhmo greenstone belt in or-
der to study the relationships of the plutonic and 
volcanic rocks in the area. The sedimentary rocks 
were collected in order to compare their zircon 
age populations with the adjacent volcanic rocks 
and estimate the maximum deposition age of the 
sedimentary rocks. For planning of the sampling 
?????? ??????????? ???????????????????????????????
previous geochronological studies (e.g. Vaasjoki 
??? ????? ??????????????? ????? ??????? ???????? ???
structural interpretations (e.g. unpublished drill 
core reports by Geological Survey of Finland 
???? ????????? ??? ??????? ????? ???? ?????????
?????????????????????????????????????????????????
zircon grain separation methods used. 
Mainly felsic and intermediate volcanic and 
plutonic rock samples were collected in order to 
maximize the probability of gaining zircon grains 
for age determinations. Almost half of the sam-
ples from the Kuhmo and Suomussalmi green-
stone belts were collected from the drill cores 
?????????????????????????????????????????????-
stone belt from outcrops. The drill cores offer a 
window to the bedrock in areas that are largely 
??????????? ??????????????????? ???????? ????-
???????????????????????????????? ?????????????????
because contacts between different rock units can 
usually be observed only on a centimetre scale.
2.2 The U–Pb method and 
statistics of geochronology  
Geochronological studies from Archaean green-
stone belts can be used for reconstructing con-
??????????????????????????????????????? ?????-
????????????????????????? ????? ???????? ????????
because it is chemically and mechanically dura-
??????????????????????????????????????? ?????-
ic rocks and as a detrital mineral in sedimentary 
18
DEPARTMENT OF GEOSCIENCES AND GEOGRAPHY A40
???????????????????????????????????????????? ?-
nates the daughter isotopes of Pb during crystal-
??????????????????????????????????????????????
is based on the decay of 238U to ???Pb (half-life 
????????????????235U to ?????????????????????????
Ga). Both of these systems should give the same 
age if there was no gain or loss of U or Pb af-
????????????????????????????????????????????????
???????????????????????????????????????????????
grain the age indicates the temperature in which 
the system cooled under the temperature where 
????????????????????????????????????????????????-
fuse from the crystal structure of the zircon grain 






and analysis methods that can analyze parts of 
the individual grains have become more com-
??????????????????????????????????????????????-
ary ion mass spectrometry (SIMS) and laser-ab-
lation multi-collector inductively coupled plas-
ma mass spectrometry (LA-MC-ICPMS) tech-
niques are suitable for geochronological studies 




??????????????? ????????????? ???????? ?????? ???
????????? ?????????????????? ? ? ??? ????? ????-
eters give a good spatial control and possibility 
to analyze different parts of grains individually. 
Ablated material is introduced into a mass spec-
trometer with high mass resolution. In LA-MC-
?????????????? ?????? ???????? ????????????? ????
????????????????????????????????????????????????
carried by a carrier gas into inductively coupled 
plasma which ionizes the material (see discus-
???????????????????????? ??? ???????????????????
the ionized material are then analyzed with mass 
Table 1. Summary of the samples studied from the greenstone belts and related methods.
Suomussalmi Kuhmo Tipasjärvi
Volcanic rock 




??????????? 2* 2 2
Metaigneous rock 
??????????? 1





Paper III II I













The age for the rock is calculated from sev-
eral data points from individual zircon grains. 
The calculated age for a group of data points 
can either be a concordia age or mean ???Pb/???Pb 
??????????????????????????????????????????????????
estimate of an age ± uncertainty. In this thesis 
?????????????????????????????????????? ???????-
????????????? ??????????????????????????????? ???
concordia plot is a xyz-plot of three variables. 
The ratio of radiogenic ???Pb/238U is plotted on 
???????????????????????????????????Pb/235U is plot-
ted on the x-axis and the ???Pb/???Pb ratio on the 
z-axis. These relationships create the concordia 
curve. Bending of the curve is the result of 235U 
decaying faster than 238U. Data plotting (Papers 
???????????????????????????????????????????????-
?????????????????? ????????????????????????????
??????????????? ??? ??????????????????? ?????????-
lipse) plots under the concordia curve it is dis-
cordant. Discordance might be the result of a 
???????? ?????????????????? ?????????????????
the amount of Pb in the crystal lattice of the zir-
????? ???? ?????? ??? ???? ???????????? ???????????
in case of which the analysis points  plot above 
the concordia curve. The calculated concordia 
age is the most-probable age for data-points on 
a concordia diagram based on uranogenic iso-
??????????????????????????????????????Pb/???Pb 
age can be calculated if the concordia age can-
not be calculated due to minor dispersion of the 
ellipses. The Mean Square of the Weighted De-
viates (MSWD [of concordance]) is a param-
eter used to evaluate the coherence of the data. 
??????? ???????????????????????????? ???????????
the scatter in the analytical result is higher than 
what can be explained with analytical errors. If 
??????????????????????????????????????????-
??????????????????????????????????????????????
MSWD value for concordance can be also re-
ported as MSWD for combined concordance and 
????????????????????????? ??????????????????????
Figure 6 Concordia diagram with data from samples 
?????????????????????????????????????????? ???????????
???????????? ????????? ?????????????????????? ?????????
The y-axis shows the ratio of radiogenic Pb-206/U-238 




In this thesis models that are based on geochro-
nological results are called chronostratigraphic 
?????????????????????????????????????? ??????????
from each individual belt are combined together 
under the term “unit”. According to the North 
???????????????????????????? ??????? ???????
chronostratigraphy is a stratigraphic interpreta-






the rocks of certain age. 
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????????? ?????????????? ??? ????? ???????? ???
??????? ?????????????????????????????????????????
stratigraphic positions and lithological charac-
teristics of different age phases are unclear in 
??????????????????? ??? ???? ?????????????????????
??? ????? ?????????????????????????????????????????
?????????????? ?????????????? ??????????????????-
proach to assemble the age groups together to 
enable clear comparison and discussion of the 
????????? ??? ?????????????? ??????????????????????
lithostratigraphic nomenclature has been used 
??????????????????????????????????????????????
???????????? ?????????????????????????????????????
??????? ??????? ???? ??? ??????????????????????????





the belt comprises three felsic-intermediate vol-
????????????????????????????????????????????-
ture has been presented and reasoned for in all 
three papers. 
This nomenclature provides a neutral view-
point into the geochronology of the supracrustal 
rocks in the SKT greenstone complex and forms a 
good basis for stratigraphic research in the areas.
2.4 Geochemistry and 
discrimination diagrams
In this thesis discrimination diagram of La/
Sm versus Sm/Lu was used for the volcanic rocks 
?????????????????????????????????????????????????
??????????????? ??????????? ????? ??????? ????????
plotted into tectonic variation plot of Schandl 
???????????????????????????????????????????
?????????? ?? ???? ????? ??? ??????? ??????????????
diagrams.
By using the La/Sm versus Sm/Lu plot it is 
possible to evaluate petrogenetic evolution and 
crustal contamination of volcanic rocks. La and 
???????????????????????????????????????????????
???????????????????????? ??????????????? ????????-
fer from solid into liquid in the melting process 
of the mantle. Lu is compatible in garnet and 
do not transfer from solid into liquid if source 
???????????????????????????????????????????????
amount of incompatible elements in the melt is 
????????????????????????????????????????????-




Sm and Sm/Lu ratios can be used to evaluate 
melt evolution.    
Tectonic discrimination diagrams by Schandl 
???? ???????????????????????????????????????????-
???????????????????? ?????? ????????? ??????????
evaluating the magmatic evolution of felsic vol-
canic rocks. The tectonic boundaries in the varia-
tion diagrams suggested by Schandl and Gorton 
???????????????????????????????????????????????-
ibility of the used elements and data sets from 
felsic and intermediate volcanic rocks that repre-
sent well-known tectonic environments. The dia-
grams can be divided into four tectonically dif-
??????? ?????? ??????? ????? ?????? ??????????? ??-
?????? ??????????????????????????????? ?????????
ridge basalts. The use of tectonic discrimination 
????????? ??? ???????????????????????? ????? ?????
??????????????????????????????????????????????????
???????? ???? ???????? ????????? ?? ?? ?? ??????????
????????????? ????? ???????????? ??????? ?????????
?????????????????????????????????????????????????
diagrams fail to discriminate different types of 
???????????????????????????????????????????????-
ed using also geological information rather than 
????? ??????????? ???????? ????????? ?????????????
underlined the importance of geological infor-
mation and multi-method approach in studying 
???????????????????????? ????????????????????????
especially when some tectonic settings of early 
Earth might have been different from those on 
Earth today. Therefore one should be cautious 
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in drawing interpretations based on trace ele-
?????????????????????????????????????????????
?????????????????????????????????? ?????????
of high-quality analytical data in the case of low 
?????????????????????????????????????????????
3 Review of the original 
publications
3.1 Paper I: Tipasjärvi 
greenstone belt
?????? ?????????????????????????????????????
and geochemical data on the felsic-intermedi-
ate volcanic and sedimentary rocks of the Ti-
?????????????????????????? ?????????????????-
istry was used to characterise the volcanic rock 
samples and to compare them to the tonalitic 
????????????????? ??????????????????????????? ???
aim of the paper was to study the age range of 
the felsic-intermediate volcanism in the Tipas-
????????????????????????????????????????????????
from the volcanic rocks revealed that the felsic-
intermediate volcanism has occurred in three dis-
????????????????????????? ???????? ??????????? ???
??????????????????????????????????????????????
???????????????????????????????????????????????




????? ??????? ???????????? ??? ?????????? ?????????-
????????????????????????????????????????????????-
????????????????????????? ??????????????? ??????-
duced part of the detritus. Based on the young-
???????????????????????????????????? ?????????????
was deposited tens of millions of years after 
the end of the volcanism. These results suggest 
????????? ?????????????????????????????????????????
felsic and intermediate volcanic units (Talassuo 
????????????????????????????????????????????
??????????????????????????????????????????????-
stone belt is the Kokkoniemi unit and consists 
????????????????????????????????????????????
3.2 Paper II: Kuhmo greenstone belt
?????? ???????????????????????????????????????
(SIMS and LA-MC-ICPMS) and geochemical 
???????? ???? ????????????????????????????? ???????
sedimentary rocks and granitoids in the Kuhmo 
greenstone belt. Whole-rock geochemistry is al-
???????????????????????????????????? ???????????
granitoid rocks. The objective of the study was 
to resolve the age range of the volcanism and 
decipher in detail 1) whether the main belt con-
????????????????????????????????????????????????
age of the youngest volcanic phase containing 
????????????????????????????????????????? ???
deposition ages for the sedimentary material at 
the immediate vicinity of the belt. The age re-
sults on the volcanic rocks revealed that the fel-
sic-intermediate volcanism occurred in two ma-
????????????????????????????????????????????????
Both episodes were interpreted to comprise also 
??????????????????????????????????????????????
from the granitoid rocks revealed that the ma-
jority of the granitoid magmatism in the imme-




??????????????????????? ?????????????? ? ???? ?????
???????? ?????????????????????????????????????
??? ????????????????????????????????????????? ???
???? ??????? ????????????????????????????? ???????
which pre-date the oldest volcanism along the 
belt and imply that older crustal material was 
available during their deposition. The combina-
tion of previously published and new results sug-
gest  a chronostratigraphic interpretation for the 
Kuhmo greenstone belt comprise two volcanic 
and one mainly sedimentary unit: the Nuolikan-
?????????? ???? ???????????????????????? ???? ???
??????????????????????????????????????????????
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3.3 Paper III: Suomussalmi 
greenstone belt
?????? ???? ????????? ????? ?????????????????
(SIMS and LA-MC-ICPMS) and geochemical 
data on the felsic and intermediate volcanic and 
the sedimentary rocks from the Suomussalmi 
greenstone belt. The aim of this paper was to 
study the relationship of the volcanic rocks 
in the Kiannanniemi area with the other parts 
of the Suomussalmi greenstone belt. The 
geochronological results from the volcanic rocks 
revealed that the felsic-intermediate volcanism in 
the Kiannanniemi area occurred in three separate 
????????????????????????????????????????????
2.84 Ga volcanic phase has not previously been 
recognized from the Suomussalmi greenstone 
?????? ???????? ?????????????? ????????????? ????
ultramafic volcanic rocks of different age 
??????? ???????? ????? ????????? ???? ??????????
volcanism was also episodic. The youngest 
detrital zircon population from a greywacke-like 
sedimentary rock implies that the sedimentary 
??????????????????????????????????????????????
????? ?????????? ??????? ???????? ?????? ????????
???? ??????? ?????????? ?????? ???? ?????? ????
imply that while the sedimentary material was 
?????? ??????????? ?????? ???????? ????????? ????
available. Paper III divides the Suomussalmi 
greenstone belt into four chronostratigraphic 
??????? ?????? ?????? ????? ??????? ?????? ?????
?????????????????????????? ???????????????????
4 Discussion
4.1 Geochronology and spatial 
variation of the volcanic rocks
Previous stratigraphic interpretations from the 
SKT greenstone complex have mainly been 
lithostratigraphic or rock type stratigraphic in-




One of the main goals of this thesis was to con-
struct a chronostratigraphic model for the green-
?????? ????? ??????????????? ???????????????? ??-
?????????????????????????????????????????????
????????????????????????????????????????? ????-
tion in the felsic and intermediate volcanic rocks. 
New geochronological results reported in Papers 
????????????????????????????????????????????????????
???? ?? ???????? ??? ???? ??????? ????????? ??????
????????? ?????????????????????????????????????-
bined data from earlier works and from Papers 
??????????????????????????????????????????????




comprised of three felsic-intermediate volcanic 
?????????????????????????????????????????????-
sults in Paper II support the previous suggestion 
??????? ?? ???? ??????????????? ????? ??????????
belt contains ca. 2.84 Ga intermediate volcanic 
????????????????????????????????????????????????
a part of the evolution of the Kuhmo greenstone 
??????????????????????????????????????????????????




mussalmi greenstone belt. 
Based on the geochronological results of Pa-
??????????????????????????????????????????????????
????????????????????????????????????????????????
four major felsic and intermediate volcanic epi-
sodes can be observed in the SKT greenstone 
????????????????????????????????????????????
?????????????????????????????????????????????????




??????????????????? ???????????? ????????? ??? ????
chronostratigraphic model of the Suomussalmi 
greenstone belt (Paper III). Compilation of chro-
nostratigraphic interpretations of the SKT green-
stone complex is presented in Figure 7. 
The events are as following (Figs. 7 and 8):
Ca. ????? ???????????????????????????????-
??????????have only been found only in the Suo-
?????? ?????????????????????????????????? ?????
?????????????????????????????????????????????????????
is found in the eastern margins of the Luoma area 
???????? ??????????????????????????? ???????????
???????????????????????????????????????????????-
tial relationships of the felsic-intermediate and 
??????????????? ?????????????????????????????????
????????? ????? ????????????? ???? ??? ?????????
volcanic rocks (Paper III). 
The ???????????????????????????????????-
??????????? is recognized from all three green-
stone belts. These volcanic rocks are found in 




annanniemi area (the Suomussalmi greenstone 
????????????????????????????????????????????????
event in the Suomussalmi and Kuhmo green-
?????? ??????????????????????? ????????????????????








Figure 7. Chronostratigraphic interpretation of the Suomussalmi-Kuhmo-Tipasjärvi greenstone complex. More detailed 
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
and Papers I–III. Grey bars mark possible hiatus/unconformity. 
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so discussion in Paper II). The 2.82 Ga volca-
nic phase of the Suomussalmi greenstone belt 
was interpreted to also contain komatiitic and 
????????????????????????????????????????????????
found across the greenstone belt (Fig. 8b). On-
ly one sample yielded an age of ca. 2.82 Ga in 
???????????????????????????????????????????????-
vations from a new drill core that pierces the 
?????????????????????????????????????????????-




This might imply that the 2.82 Ga age group is 
???????????????????????????????????????????????????
??????????????????????????????????????????-
pracrustal felsic rocks of the northern part of the 
Kuhmo greenstone belt contain 2.82 Ga mate-
Figure 8. Compilation of the age results of volcanic and plutonic rocks from the Suomussalmi-Kuhmo-Tipasjärvi greenstone 
??????????????????????????????????????????? ???????????????????????????????????????????????????????????????????????
????????????????? ???????????????????????????????????????????????????????????????????????????? ???? ????????????????? ???????










??????????????????? ???????????? ??? ???????????????
???????????????????????????? ??????????? ????
??????????????????????????????????????????????
compared to the other age groups. Because these 
volcanic rocks are the youngest found in the Ti-
??????????????????????????????????????????????-
sible that the older volcanic sequences are bur-
ied under these volcanic rocks and therefore are 






When the geochronology of the SKT green-
stone complex is compared with other green-
???????????? ??? ????????????????????? ?????????? ???
can be concluded that apart from the Suomus-
??? ????????????????????????????????????????????
rare in the volcanic rocks of the Western Kare-
lia and Central Karelia subprovinces. Contem-
?????????????????????????????????????????? ????






in). These are contemporaneous with the 2.84 
Ga felsic and intermediate volcanic rocks of the 
???????????????????????????????????????????????
group seems to be unknown in the Karelia Prov-
ince (Fig. 5). In addition to the SKT greenstone 
??????????????????????????????????????????????-
stone belt yielded an age of ca. 2.82 Ga (Figs. 5 
????????????????? ????????????????????????? ??-
??????????????????????? ??????????????????????
belt (Figs. 5) shares similarities with the young-
est volcanic rocks of the Kuhmo greenstone belt 
??? ?????????? ???????????????????????????????
has also been reported from a silica-rich inter-
layer in a section comprised of basaltic and kom-
atiitic rocks as well as banded iron formations 
???????????????????????????
4.2 Geochemistry of the felsic 
and intermediate volcanic rocks
The main geochemical features of the studied 
volcanic rocks of the SKT greenstone complex 
???? ???????????? ??? ??????? ???????? ???????? ????
??????????????????? ??????????????????????????
some elements may have occurred. Analyses are 
plotted in the conventional TAS (total alkali ver-
????????????????????????????????????????????????2 
versus Zr/TiO2 diagram of Winchester and Floyd 
??????? ??????????????? ?????? ????????????? ??????
The volcanic rock samples show a wide range 
of SiO2??????????????????? ???????2-rich sample 
is from a hydrothermally altered kyanite-quartz 
???????????????????????????????????????????????-
???????? ????????????????? ???????????????????
SiO2-rich rocks contain quartz phenocrysts and it 
?????????????????????????????????????????????????
primary composition for these samples (Paper I). 
?????????????????????????????????????????????
do not correlate with each other. For example 
?????????????????????????????????????????????????
??????????????????????????????????????????????






Tectonic discrimination diagrams have been 
used to classify and study the formation envi-
ronments of the Archaean magmatic rocks (e.g. 
??????????????????????????????????????????????
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the felsic and intermediate volcanic rocks from 
?????????????????????????????????????????????????-












These results differ from the previous interpreta-
????????????????????????????????????? ??????????????
?????????????????????????????????????????????




???? ??????? ????????????????????????? ?????????
????????????????????????? ?????????????????????




been interpreted from the Kuhmo greenstone belt 
?????????????????????????????????????????????
???????????????????????????????????????????????-
Figure 9. ????????????????????????????????????????????????????????????????????????????????????????????????????????? 2 
versus Zr/TiO2?????????? ????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
27
mediate volcanic rocks (Paper II). The relation-
ships between the komatiitic and intermediate 
volcanic rocks are discussed in more detail in 
????????????????????????????????????????????????
the use of tectonic discrimination diagrams is 
?????????????????????????????????????????????
?????????????????????????????????????????????-
gerprinting of the tectonic environment of the 
felsic and intermediate volcanic rocks remains 
open in the SKT greenstone complex. 
?????????????????????????????????????????-
???????????????????????????????????????????????
correlation with age or individual belt (Fig. 11). 
???????????????????????????????????????????????
?????????????????????????????????????????????-
stone belt compared to the volcanic rocks of this 
????????????? ?????????????????????????????????
sample A2321.
Figure 10. ????????????????????????????? ????????????? ?????? ????? ????????????????????????????????????? ??????????? ???
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
a comparison, areas where data from komatiitic basalts, high-Cr basalts and komatiites in the Tipasjärvi and Kuhmo 
????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????
Figure 11. La/Sm versus Sm/Lu plot of selected 
volcanic rock samples, data from Papers I–IIII. For a 
comparison, areas where data from komatiitic basalts, 
high-Cr basalts and komatiites in the SKT greenstone 
??????????????????? ???????????????????????????????? ??
Haasiavaara tonalite near the Tipasjärvi greenstone belt 
??????????? ???????? ????? ???? ???????? ??? ??????? ???
?????? ???????? ??????????????????? ????????? ?????
??????????????????????????????????????????????????????
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4.3 Detrital zircon analyses of 
the SKT greenstone complex
??? ???? ???????????? ??????????? ?????????? ????





other evidence such as age data for intersect-
ing dikes or plutons or other supracrustal rock 
units younger than the sedimentary rock have to 





when interpreting the results. The recommend-
ed amount of randomly analysed detrital zircon 
grains for sedimentary provenance analysis var-
????????????????????????????????????????????-
ity of the age distribution of the sample (Ver-
?????????????? ???????????????? ???????????????





???????????????? ????? ?? ????????????? ????????
??????? ???? ??? ?????????????? ????????????????
?????????????????? ?????? ?????? ????????????
????????????????????????????? ???????????????-
??????? ??????????? ?????????????? ?????????????
Fig. 8d). The main aim of the detrital zircon stud-
ies was to compare the ages of detrital zircon 
grains with the ages of volcanic rocks in the 
greenstone belts and to constrain the possible 
maximum age of the deposition of the sedimen-
tary material. Selecting the grains and analyses 
was done randomly choosing grains with vari-
able grain sizes and morphologies. 
??????????????????????????????????????????-
con grains of sedimentary rock samples varied 
from 21 to 57. It should be noted that especial-
ly in the case of the samples with small amount 
?????????????????????????????????????????????????
not included. These datasets proved to be ad-
?????????????????????????????????????????????-
????????????????????????????????????????????
greenstone belts were deposited after the end 
Figure 12. ???????????? ???????????????????????????????????????????????????????????????????????? ???????????????
shown with analysed grains. 
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of volcanism. Most sedimentary rock samples 
from SKT greenstone complex have heteroge-
?????????????????????????????????????????????-
tain both younger and older zircons are recorded 
from the volcanic rocks along the belts. Only 
???????? ??????????????????????????? ??????????
contained a homogeneous zircon age population 
of a same age with the volcanic rocks related to 
the sedimentary rock.
Although the applicability of detrital zircon 
????????????? ?????????????????? ???????????????-
????? ????????? ?????????? ??????? ? ???? ????? ??????
detritus originated from heterogeneous sources. 
The detrital zircon studies suggest that during the 
????????????? ????????????????????????????????
different blocks of the Karelia Province were 
assembled. This interpretation is made with the 
assumption that the detritus in the sedimentary 
??????????????????????????????????????????????????
the depositional basin and that the material was 
not transported from exotic sources by aeolian 
processes. The rounded grain morphologies im-
ply that some of the grains represent multicycle 




or deposition from a proximal source.
The zircon age populations and structures 
of the sedimentary rocks from the SKT green-
stone complex are very similar to those found 
from the greenstone belts of the northern and 
eastern parts of the Karelia Province (e.g. Thur-
???????????????????????????????????????????
??????????????????????????????????????? ??????-
cusses the possibility of a succession basin for-
mation during the evolution of the greenstone 
belts. The rocks deposited in extensional basins 
have been proved to be economically important 
in other Archaean greenstone belts (e.g.Thurston 
???????????????????????????????????????????????
interpreted to have formed in the last phases of 
??????????????????????????????????? ???????????
contain hydrothermal activity and contempora-
neous volcanism. For the purpose of an exten-
?????????????????????????? ???????????????????-
???????????????????? ????????????????????????????
and other probable environments of deposition 
?????????????????????????????????????????????-
courage to perform more detailed studies also 
on the sedimentary rocks within these belts. Es-
pecially the sedimentary rock interlayers within 
different volcanic age groups could shed light 
to the tectonic environment in which the supra-
crustal rocks were formed.
4.4 Tectonic models of the 
SKT greenstone complex
It has been suggested that the 2.94 Ga volcanic 
rocks in the Suomussalmi greenstone belt are 
separated by an unconformity or a shear zone 
from other volcanic rocks within the belt (En-
?????????????????????????????? ????????????-
??????????????????????????????????????????????-
tween the 2.94 Ga volcanic event and younger 
volcanic rocks in the area is not yet well under-
???????????????? ??????????????????????????
The suggested eruption settings for the 2.94 Ga 
volcanic rocks are shallow water and possibly 
subaerial environments based on primary struc-
????????????????????????????????????????????????????
?????????????????????????? ???????????????????
isotope data of the volcanic rocks of the Suo-




data concerning the oldest volcanic rocks is not 
extensive and thus do not allow a detailed in-
terpretation for the formation environment. In 
?????????????????????????????????????????????????
the volcanic rocks of the SKT greenstone com-
plex are evaluated based on the available data 
(Table 2). 
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Oceanic plateau setting and relationship be-
tween komatiitic and calc-alkaline rocks
??????????????????????????????????????????????
??????????? ??? ????? ?????????? ????? ??? ????
??????????????????????????????????????????????????
those of the Suomussalmi greenstone belt in a 
???????????? ????? ???????????????????????????? ????
?????????????????????????????????????????????????
the Kuhmo and Suomussalmi greenstone belts 
contain more than one komatiitic succession and 
that the komatiitic rocks are spatially linked to 
???????????????????????????????????????? ??????
???????????????????????????????????????????????-
so reported that the sulphur isotope signatures 
from komatiite-hosted sulphide deposits vary in 
????????????? ???????????????????? ????????????
they had different parental magma composition 
and/or different emplacement history. The an-
desitic volcanic rocks seem to spatially be re-
lated to the younger phase of komatiites in the 
?????????????????????????????????? ??????????-
desitic compositions are rare in oceanic plateau 
?????????????????????????????????????????????-
????????????????????????????????????????? ??????????




element discrimination diagrams have been criti-
?????????????????????????????????????????????????
therefore these interpretations should be treated 
?????????????? ???????????????????????????????????
of the SKT greenstone complex represent inter-
action with continental crust and the interpreta-
tion of spatial and temporal relationship between 
??????????????????????????????????????????????????
plateau setting seems an unlikely explanation for 
the formation environment (Table 2). 
Constraints against arc-plateau accretion
One explanation for the formation of the vari-
??????????????????????????????????????? ????????
be the accretion of several individual arcs and 
oceanic plateau-type volcanic assemblages (Ta-
?????????? ????? ???????????????????????????????
example for the Abitibi greenstone belt in Canada 
???????????????????????????????????????????????
??????? ????????????????????????????????????-
eral individual tectonic environments within the 
????????????????????????????????????????????????






rocks were probably formed between 2.84 Ga 
????????????????????????????????????????????-
nic rocks represent slivers of oceanic plateau and 
the felsic volcanic rocks formed in arc-type envi-
????????????????????????????????????????????????
four individual tectonic blocks should be juxta-
posed within the narrow greenstone belt. Paper 
II suggests that the 2.84 Ga Nuolikangas unit and 
?????????????????????????????????????????????




esis of several different tectonic environments 
?????????????????????????????????????????????????
proximity of the belts and partial similarity of 
??????????????????????????????????????????????-
cretion of individual arcs and oceanic plateaus 
is an improbable explanation for the SKT green-
stone complex.
Continental rifting
???????? ???????? ????? ????? ??????????? ??????
????????????????????????????????????????????
suggested that the SKT greenstone complex was 
formed when older continental crust started to 
????? ??????????? ??? ????? ???????? ?????????????????
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rocks might have formed in 
????????????????????????????
volcanic rocks in oceanic 
plateau type setting
Explains the differences in 
geochemical compositions 
between the andesitic-
rhyolitic volcanic rocks and 
komatiitic rocks
????????????????????????????????????
formation environments within 
the greenstone complex is small 
Improbable
Based on the spatial relation-
ships, komatiitic rocks are 
??????????????????????????????-
mediate volcanic successions 
???????????????????
Study area represents polym-
etamorphic part of crust, and 
mobilization of elements in later 




All volcanic rocks < 2.84 
Ga were formed in an 
oceanic plateua setting
Primary structures of some 
volcanic rocks indicate 
???????????????????????-
ronment
Andesitic rocks are rare in mod-





nent split in 
half
The volcanic rocks with 
ages of 2.84-2.79 Ga were 




and cyclicity of volcanism 
is suitable for continental 
rift environment 
Sm-Nd isotope signature of 









Trace elements of the komatiitic 
rocks in the Kuhmo and Tipas-
järvi greenstone belts do not 






The 2.84-2.79 Ga-old 
volcanic rocks formed via 
interaction of continental 
and oceanic lithosphere
Explains geochemical 
variation and cyclicity of 
?????????????????????????????
Sm-Nd isotope signature of 





type setting with subduc-
tion, continental collapse 
and resulting episodic 
subduction, or edge-driven 
convection 
Average pressure ca. 16-
17 kbar at 600-700 °C for 
albite inclusions in garnet 
??????????????????????????
Trace elements of the komatiitic 
rocks in the Kuhmo and Tipas-
järvi greenstone belts do not 
show input of older continental 
??????????????????????????
Table 2. Comparison of different tectonic settings for the volcanic rocks of the SKT greenstone complex.
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????????????????????????? ?????????????????? ??
greenstone belt could represent part of a conti-
nent that started to rift. The ages of the volca-




the youngest ages from the volcanic rocks of the 
Kuhmo greenstone belt (Paper II). 
The Red Sea region is an example of an active 
???????????? ?????? ????? ????????????? ??????????
????????????????????????????????????????????????
????????????????????????????????????? ????????
the age of volcanism is changing spatially across 
????????????????????????????????????????????????-
ual parts of the rift have been volcanically active 
?????????????? ???????????????? ?????????????? ??
example of episodic rifting comes from the Neo-
???????????? ??????? ??????? ?????????????? ??-
????????????????????????????????????????? ?????
lasted continuously for ca. 35 million years (Li et 
???????????????????????????????????????????????
complex volcanic rocks are considered to rep-
???????????????????????????????????????????????????
and cyclicity of this volcanism would be com-
patible with the continental rift model. Andesitic 
compositions are generally rare in continental rift 
?????????? ??? ???? ?????????????????? ?????????????
????????????????????????????????????????????????
is conventional rift or supra-subduction back-arc 
?????????????????????????????????????????????????-
es therein). The Sm-Nd isotope composition of 
the felsic and intermediate volcanic rocks of the 
Suomussalmi greenstone belt show involvement 
of older crustal material and the felsic and ultra-
?????????????????? ????????? ???????????????-
stone belts may contain relatively juvenile mate-
?????????????????????????????????????????????????
is found also in younger continental rift settings 
????????????????????????? ????????????????????????
?????????????????????????????????????????????????
of the SKT greenstone complex is considered 
probable. 
A failed rift followed by subduction (Piirain-
???? ???????? ?? ???????? ????????????? ??? ????-
?????? ???????????????? ??? ????? ??????? ?????????
the lithosphere to get dense enough to subduct 
?????? ??????????????????????????????????????????
in therein). The ca. 2.84 Ga andesitic rocks in 
?????????????????????????????????????????????????
that if the andesitic composition is considered 
????????????????????????????????????????????????
have commenced shortly after rifting. 
Different scenarios for continental and oceanic 
lithosphere interaction
Volcanic rocks can be formed by the inter-





edge-driven convection and subcreting model 
and edge-driven convection. 
In ???? ??????????? ???? ???????? ??????-
tion models a lithospheric plate is (episodical-
ly) subducted under another and resulting in vol-
canism over a subduction zone. These models 
have been argued to be able to produce different 
???????????????????????? ????????????????????-
???????????????????????????????????????????
arc-type setting has also been proposed for one 
possible formation environment for komatiitic 
??????????????????????????????????????????????
??????? ?????????????????????????????????????????
and thickening of the oceanic lithosphere next 
to the continent has been suggested to be able 
to initiate episodic subduction at the margin of 
a continent and to produce geochemically vari-
??????????????????????????????????????????????
The cyclicity in the ages of the volcanic rocks 
??????????????????????????????????????????????
complex can be explained with episodic sub-
??????????? ???????????????????????????????????
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observed in modern continental arcs (Jicha and 
????????????????????????????????????????????-
bite inclusions in garnet in a tholeiitic rock from 




bite-bearing mineral assemblages yielding high 
???????????????? ????? ????????????????????????
???????????????????????????????????????????????-
resent subduction ca. 3.2 Ga ago in the Archaean 
????????????????????????????????? ?????????????
?????????????????
 In ?????????????????????????????????? ??
small-scale convection cell is formed in the up-




cal modelling the edge-driven convection model 
has been proposed for the Moroccan Atlas Moun-
??????????????????????? ????????????????????????
volcanism took place in two phases separated 







el is also suitable for the evolution of the SKT 
greenstone complex.




tonic tonalite-trondhjemite-granodiorites via in-
?????????????????? ????????????????????????????
This model profusely criticizes the arc signature 
of Archaean volcanic rocks and suggests that the 
andesitic volcanic rocks were formed by mix-
ing processes in heterogeneous plumbing sys-
tems that produced also the tholeiitic rocks of 
?????????????????????? ????????????? ???????????
rocks of the SKT greenstone complex could be 
???????????????????????????????? ??? ????????????
rocks are again interpreted to be part of older 
Archaean crust. 
Summary remarks for the tectonic evolution of 
the SKT greenstone complex
When evaluating the available data in the 
???????????????????????????????????????????????????
SKT greenstone complex does not represent vol-
canism related to a single tectonic event. The 
??????????????? ???? ????????? ????? ???? ???????????
greenstone belts are related to each other and the 
following conclusions about the tectonic evolu-
tion of the SKT greenstone complex are allowed: 
 ? ??????????? ?? ?????????????? ???????????
??????????????????????????????????????????-
??????????????????????????????
 ? ???? ?????????????? ???? ???? ?? ??? ?????????
Ga formed via interaction between the older 
?????????????????????????????????????????????
??????????????????????????????????????????????
continental lithosphere is probable also for 
the younger generation of volcanic rocks in 
the SKT greenstone complex.     
4.5 Future studies
This thesis adds on to the knowledge of the Ar-
chaean geology of the Karelia Province. Con-
cerning the age and evolution of the Archaean 
???????????????????????????? ??????????????????
still remain unanswered. Considering the SKT 
???????????????????? ???????????? ??????????? ???
get more information from the 2.82 Ga volca-
nic rocks and their spatial variation across the 
greenstone complex. All three belts contain ev-
idence of supracrustal material being deposited 
?????????????? ????????????????????????????????
age groups it appears to be less abundant. In the 
???????????????????????????? ??????????????????-
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??????????????????????????????????????????????-
??????????????????? ???????? ??????????????????
volcanic rocks (see discussion in Paper I). De-
tailed studies about the stratigraphic position of 
???? ???? ??? ????????? ????????????????????? ??
done also in the Suomussalmi and Kuhmo green-
???????????????????????????????????????????????????
with the different-aged felsic and intermediate 
volcanic cycles. Also high-quality geochemical 
???????????????????????? ????????????????????-
cial. A detailed detrital zircon research from the 
youngest sedimentary rocks could provide more 
understanding about the evolution of the belts af-
ter the cessation of the volcanism and possible 
economically important depositional basins. An 
extensive detrital zircon study of the sedimentary 




trace element work from volcanic and detrital zir-
con grains might provide a more detailed picture 
??????????????????????????????????????????????????
the tectonic processes in which the supracrust-
al rocks of the STK greenstone complex were 
formed. Geochemical modelling of the volcanic 
??????????????????????????????????????????-
????? ?????????????????????????????????????????
the discussion of the formation environment of 
the volcanic rocks of the SKT greenstone belt. 
???????????????????????????????????????????? ?-
cheaen greenstone belts of the Karelia Province 
????????????????????????????????????????????????-
mation and possible relationships.  
   
5 Conclusions
The work presented here demonstrates the 
potential of detailed chronostratigraphic studies 
of Archaean supracrustal rocks to act as a tool 
for understanding the evolution of Archaean 
??????????? ??????? ???? ????????? ???? ??????????
conclusions for the formation of greenstone belts 
in the Karelia Province of the Fennoscandian 
Shield:
1. The SKT greenstone complex comprises of 
???????????????????????????????????????????????
???????????????????????
2. The ages of the volcanic rocks become younger 
from the north to the south along the greenstone 
complex. The northernmost Suomussalmi 
greenstone belt hosts the oldest 2.94 Ga volcanic 
??????? ??????????? ???????? ?????? ??? ?????????
?????????????????????????
3. The age results and geochemical composition 
of the felsic and intermediate volcanic rocks of 
?????????????????????????????????????????????
????????????????????????????????????????????
4. The age difference between individual belts 
implies a different formation history between the 
volcanic rocks of the SKT greenstone complex. 
???????????????????????????? ????? ?????????????
2.79 Ga volcanic rocks of the SKT greenstone 




and Kuhmo greenstone belts are overlain by 
???????? ???????????? ?????????? ?????? ????
deposited tens of millions of years after the 
youngest volcanic rocks. The detritus of the 
sedimentary rocks contains zircon grains with 
??????????????????????????? ????? ???? ?????????
???????????????????????????? ?????? ??????? ????????
?????????????????????????????????????????????????
? ???? ???????????? ???????????????? ??????????????





to steep transition in subduction style. Geology 
????????????
????????? ????? ??????? ??? ??? ???????? ?????? ??-
??????????????????????????????????????????????????
reef from the Pilbara Craton of Western Australia: 
Ecosystem-scale insights to early life on Earth. 
??????????????????????????????????
??????????????????? ??????????????????????????????????-
mentary provenance: limiting conditions from sta-
tistics and numerical simulation. Chemical Geol-
??????????????????
?????????? ? ??? ?????????? ????? ?????????????????
????????? ????????????? ? ?????????????????????
the Archean Crust of the Ancient Vodlozero Do-
main (Baltic Shield). Stratigraphy and Geological 
????????????????????????
??????? ?? ??? ??????? ? ?? ????? ?????????? ??????-
????????????????????????????????????????
???????? ?? ????????????????????????????????????????
model for coupled genesis of Archaean crust 




The hunting of the snArc. Precambrian Re-
??????? ????? ??????? ?????????????? ???????????
?????????????
???????????????????????????????????? ?????????????
????????????????????????? ???????? ????????? ? ??-
?????????????????????????? ??????? ???????????????









Lode gold deposits in ancientdeformed and meta-
morphosed terranes: the role of extension in the 





????????? ?? ?? ?????????????? ????? ?????? ?????????
???????????????????????????????????????????????
Canada. Contributions to the Mineralogy and Pe-
??????????????????
??????????????????????????????? ???????? ???? ??????
plate tectonics and their metamorphic imprint 
????????????????? ?????????????????????????????
adopt a plate tectonics mode of behaviour? In 
???????????????????????????????? ??????????????
tectonics begin on planet Earth? Geological Soci-
??????? ??????????????????????????????????
????????? ??????????????? ??? ?????? ????????????????
J.N. 1995. Archaean subduction inferred from 
seismic images of a mantle suture in the Supe-
???????????????????????????????????
?????????? ???????????????????????????????????????-







The Netherlands. 434 p. 




???????? ???? ??? ????? ?? ????? ??????? ???????-




tectonics begin? Evidence from the geologic re-
?????????? ??????? ???????? ?????? ?????????? ????




time: Indiscriminate use of geochemical discrimi-
?????????????????????????????????????????????
591.












?????????? ????????????????????????? ? ??????????????
???? ??????????? ?????????????????? ???? ? ????????
Stagnant-lid tectonics in early Earth revealed by 
142Nd variations in late Archean rocks. Earth and 
?????????????????????????????????????
????????????????????????????????????????? ??????????????
1993. Accretion of Archean oceanic plateau frag-




of continental growth 3 billion years ago. Science 
??????????????
??????????? ???? ??? ???????? ???? ????? ??? ?? ????
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ages of detrital zircons to infer maximum depo-
sitional ages of strata: A test against a Colorado 
Plateau Mesozoic database. Earth and Planetary 
?????????????????????????????
???????????????????????????????????????????????????
??????????? ???????????? ?????????? ??????? ????
????????????????????????????????????
??? ???? ?????????? ?? ??????????????????????????????
cratons and tectonics: does the evidence demand 
????????????????????????????????????????????
??????? ? ????????????????????????? ?????????????-
tigraphy and tectonomagmatic model for the Suo-
?????? ??????????????????????????????????????????
on the remapping of the Ala-Luoma area.Bulleting 
?????????????????????????????????????????????
???????? ?????? ???? ??????? ??????? ???????? ????????
??????????????????????????????????????????????????




greenstone sequences represent different ophiolite 
????????????????????????????????????
??????????????? ?????????????????????????????????-
setting temperatures in heating geochronological 
systems. Contributions to the Mineralogy and 
???????????????????????
???????? ?????????????????? ??? ???????????? ????????
?? ??? ?????????? ??? ???????? ????? ????????? ?? ???





of zircons from oceanic crust: A method for dis-




komatiitic volcanic association of the Archaean 
??????????????????????????????????????? ??????-
??????????????????????????????
?????????? ?? ??? ????????? ?? ????? ???? ????????-
?????? ???????????????????????????????????-
suo 1 valtausalueella (kaivosrekisterinumero 
8344/1)suoritetuista nikkelimalmitutkimuksista 
???????? ??????????????????????????????????-
?????? ???????????? ??????? ????????? ??? ???? ????
Finnish).
???????????????????????????????? ??????????????????-
canics of the Siivikkovaara areain the Archean 
???????????????????????????????????????? ????????
????????????????????????????????????????????
?????????? ?????????? ????????????????????? ?????-
?????????????






and eastern sanukitoid zones in the Finnish part of 
?????????????????????????????????????????




origins of the Jurassic Karoo large igneous prov-
????????????????????????????????????
????????? ? ?????????????????????????????????????-
?????? ????????? ??? ???????????????????????????????





?? ?? ?????????????????????????????????? ????????












???????????? ???????? ?????????? ?????????????
?????????????????????????????????
???????? ??? ???? ??? ??? ?????? ????????????? ??? ??-
?????????????????????????????????????????????????
????????????????????????? ?????????????? ?????-
an complexes of the Karelia Province in Finland. 
?????????????? ?????????????????????? ????????????
Province. Geological Survey of Finland Special 
???????????????




??????????? ????????????? ??????????? ?????? ?? ???




?????????? ??? ??????? ??? ???????????? ??????? ???
?????????????????????????????????????????????-
??????? ???? ???????????? ??? ??????????????? ???-
??????????????????????????????????????????????
?????????????????????? ?????????????????????????
??????????????? ???????????????? ??? ???????????????




?????????? ?????????? ??? ???????? ??? ????????? ???
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